In the United States, Shiga toxin (Stx)-producing Escherichia coli (STEC) is the most frequent infectious cause of hemorrhagic colitis. Hemolytic uremic syndrome (HUS) is a serious sequela that may develop after STEC infection that can lead to renal failure and death in up to 10% of cases. STEC can produce one or more types of Stx, Stx1 and/or Stx2, and Stx1 and Stx2 are responsible for HUS-mediated kidney damage. We previously generated two monoclonal antibodies (MAbs) that neutralize the toxicity of Stx1 or Stx2. In this study, we evaluated the protective efficacy of human/mouse chimeric versions of those monoclonal antibodies, named c␣Stx1 and c␣Stx2. Mice given an otherwise lethal dose of Stx1 were protected from death when injected with c␣Stx1 either 1 h before or 1 h after toxin injection. Additionally, streptomycin-treated mice fed the mouse-lethal STEC strain B2F1 that produces the Stx2 variant Stx2d were protected when given a dose of 0.1 mg of c␣Stx2/kg of body weight administered up to 72 h post-oral bacterial challenge. Since many STEC strains produce both Stx1 and Stx2 and since either toxin may lead to the HUS, we also assessed the protective efficacy of the combined MAbs. We found that both antibodies were required to protect mice from the presence of both Stx1 and Stx2. Pharmacokinetic studies indicated that c␣Stx1 and c␣Stx2 had serum half-lives (t 1/2 ) of about 50 and 145 h, respectively. We propose that c␣Stx1 and c␣Stx2, both of which have been tested for safety in humans, could be used therapeutically for prevention or treatment early in the development of HUS.
S
higa toxin (Stx)-producing Escherichia coli (STEC) causes both outbreaks and sporadic cases of bloody diarrhea and hemolytic uremic syndrome (HUS) in the United States as well as in other developed countries. The most prevalent serotype of STEC in the United States is O157:H7 (1); however, non-O157 strains represent half or more of all STEC infections (1) (2) (3) (4) . The number of E. coli O157 infections rose in the United States in 2005 and 2006 to roughly the levels found in 1996 to 1998, with some fluctuations between those time periods, remained stable through 2008 (3) , and dropped slightly in 2012 (5) . Approximately 25% of those U.S. O157 infections are associated with outbreaks, while the rest are found in sporadic cases (3) . A serious sequela of STEC infection, the HUS, occurs in 4% to 15% of STEC infections (1, 6) and is characterized by thrombocytopenia, microangiopathic hemolytic anemia, and renal failure. The incidence of HUS in the United States in 2007 in children less than 5 years of age was 1.75/100,000 (3); this value varies by country from relatively low in Austria (0.51/100,000 [7] ), Italy (0.75/100,000 [8] ), and Japan (0.88/100,000 [9] ) to levels similar to those in the United States in Australia (1.35/100,000 [10] ), Germany (1.71/100,000 [7] ), the United Kingdom and Ireland (1.54/100,000 [11] ), and France (1.87/100,000 [12] ) to a high in Argentina (1 to 12/100,000 [13] ). There is presently no treatment that specifically addresses an STEC infection or the HUS. In the United States, antibiotics are not a recommended treatment for O157 infection because they do not appear to benefit the patient and may increase the risk of HUS (reviewed in reference 14) . Medical intervention for patients with HUS is, therefore, primarily supportive. While intravenous delivery of solutions to expand blood volume appears to help protect children from oligoanuric HUS (15) , that treatment does not prevent the HUS from occurring (15) . Recently, eculizumab, a monoclonal antibody against the C5 component of complement, was used in some patients during the outbreak in Germany of an Stx2a-positive (Stx2a ϩ ) enteroaggregative E. coli strain that resulted in more than 800 HUS cases (16, 17) . Although eculizumab is successful at improving the outcome in atypical or familial HUS (18) , the efficacy of eculizumab during the outbreak was not clear, as a randomized controlled trial was not done, and patients were given multiple and different interventions concurrently (19) (20) (21) . The Shiga toxins (Stxs) are the major virulence factors of STEC that contribute to the development of the HUS. Two types of Stx may be found in E. coli: Stx1 and Stx2 (see review [22] ). The Stx/Stx1 group consists of the prototype Stx from Shigella dysenteriae type 1 and Stx1 of E. coli. The Stx2 group from E. coli contains several subtypes that are associated with human disease, the most important of which are Stx2c and Stx2d (23, 24) . Because both Stx1 and Stx2 have subtypes, the prototype toxins from those groups are now called Stx1a and Stx2a, respectively (25), but we maintain the designations of Stx1 and Stx2 in this study when we refer to the groups as a whole and use the specific name when we mean the prototype in particular. The two toxin groups have the same structure and enzymatic activity; however, the two groups are antigenically distinct. Epidemiological evidence suggests that the STEC strains that make Stx2a alone are approxi-mately 15 or 6 times more likely to lead to the HUS than strains that produce Stx1a alone or strains that produce both Stx1a and Stx2a (24, 26) . However, clinical data demonstrate that STEC strains that make Stx1a or Stx2a alone or in combination have the capacity to lead to the HUS (10, 24, 27) and that Stx of Shigella dysenteriae type 1 is linked to the HUS as well (28, 29) .
Murine monoclonal antibodies that neutralize the cytotoxicity and animal lethality of each of the toxins were generated in the 1980s in our laboratory (30, 31) . Although murine monoclonal antibodies or polyclonal antisera generated in animals are used in humans, chimeric human/mouse or fully humanized antibodies are preferred for use in people due to the potential for an antibody response to the constant region of the antibody (32) . The murine monoclonal antibodies specific for Stx1 and Stx2 were made into human/mouse chimeras through genetic techniques (33) . Preliminary testing of the human/ mouse chimeric anti-Stx1 and anti-Stx2 antibodies, designated c␣Stx1 and c␣Stx2, showed that they neutralized the cytotoxicity of Stx1a and of both Stx2a and Stx2d, respectively, for Vero cells and were protective in mice (33) . Furthermore, the antibodies were shown to be safe in humans (34, 35) . In this study, we refined the doses of each antibody individually required for protection in mice, examined the protective efficacy of the combination of the antibodies against both toxins, and determined the pharmacokinetics of the antibodies in mice.
MATERIALS AND METHODS
Antibodies, toxins, and STEC strain B2F1. Chimeric human/murine anti-Stx1 and anti-Stx2 antibodies were generated by genetic methods from the DNA of the hybridoma cell lines that produce murine antibodies 13C4 (anti-Stx1, c␣Stx1) and 11E10 (anti-Stx2, c␣Stx2) as described previously (33) and expressed in Chinese hamster ovary (CHO) cells. The predicted amino acid sequences of the chimeric antibodies were confirmed by N-terminal amino acid sequencing. The chimeric antibodies were produced and purified by Goodwin Biotechnology Inc. (Plantation, FL). Purified Stx1a and Stx2a were produced from culture supernatants of DH5␣ transformed with pLPSH3 (Stx1a) or pJES120 (Stx2a), and the cytotoxicity of the toxin preparations was determined on Vero cells as described previously (36, 37) . STEC strain B2F1 (O91:H21; produces Stx2d [ATCC 51435]) was originally provided to us by M. A. Karmali. Stx2d is differentiated from other subtypes not just in sequence but also by toxicity. The Stx2d subtype becomes significantly more toxic after treatment with intestinal mucus, and strains that produce Stx2d are associated with HUS in humans and are more virulent in streptomycin (Str)-treated mice than strains that produce other subtypes of Stx2 (38, 39) .
Mouse models. All animal studies were approved by the Institutional Animal Care and Use Committee of the Uniformed Services University of the Health Sciences and were conducted in strict accordance with the recommendations of the Guide for the Care and Use of Laboratory Animals (40) .
(i) Mouse model to measure the efficacy of c␣Stx1. Adult male or female CD-1 mice weighing approximately 20 g were observed for 5 to 7 days after arrival in the animal facility. At the end of the quarantine period, the mice were weighed and assigned by weight classification to groups of 5 mice each. The mice were injected intraperitoneally with 2 50% lethal doses (LD 50 s) of Stx1a (250 ng). At either 1 h before or 1 h after toxin injection, the mice were given various doses (indicated in Table 1 ) of c␣Stx1 in buffer via the tail vein. The mice were observed for 2 weeks for mortality.
(ii) Mouse models to measure the efficacy of c␣Stx2. We used two mouse models to evaluate the protective efficacy of c␣Stx2. In the first model, male or female CD-1 mice were injected with approximately 2 LD 50 s of Stx2 intraperitoneally and 1 h later given c␣Stx2 at 0, 0.5, 0.75, 1.0, 3.0, or 5.0 mg/kg of body weight via the tail vein. For the second assessment of c␣Stx2, we utilized the orally infected Str-treated mouse model of STEC infection (38, 41) . Briefly, 20-g CD-1 male mice were given drinking water with 5 g/liter Str after a 5-to-7-day quarantine period and fasted overnight. The mice were then fed a 25-l droplet with approximately 10 6 CFU B2F1 Str r in 20% sucrose with a pipette. (To prepare the B2F1 Str r inoculum, the bacteria were grown in Luria Bertani broth overnight with shaking at 37°C. After overnight growth, the bacterial culture was collected by centrifugation, and the pellet was resuspended in 20% sucrose. Appropriate dilutions in sucrose were made to achieve an inoculum of 10 6 CFU/25 l.) The mice were injected with a single dose of c␣Stx2 via the tail vein or intramuscularly into the thigh at various times relative to infection with B2F1. Preliminary protection data were reported for intravenous injection of c␣Stx2 in this mouse model (33) . However, the data described for this model involved several changes to the original protocol, including use of a single dose of antibody, a higher inoculation level of B2F1 Str r , a determination of mouse weight on the day of antibody administration, and infection by a droplet administered from a pipette.
(iii) Mouse models to test the neutralization capacity of c␣Stx1 and c␣Stx2 against Stx1a and Stx2a in mice. Two mouse models were used to test the neutralization capacity of c␣Stx1 and c␣Stx2 against Stx1a and Stx2a. In one model, approximately 2 LD 50 s of either toxin or both toxins was injected intraperitoneally into male CD-1 mice. The antibodies (5 mg/kg) were given alone or in combination intravenously 1 h before toxin was injected. In the other model, the antibodies were combined with 2 LD 50 s of each of the toxins, incubated together for 1 h at 37°C, and then injected intraperitoneally into male CD-1 mice. Specifically, c␣Stx1 (200 g) and/or c␣Stx2 (400 g) was combined with Stx1a (250 ng) and/or Stx2a (2.5 ng) in the presence of bovine serum albumin (BSA) (200 g). The BSA was added to prevent loss of cytotoxicity of the toxins under conditions of incubation at 37°C. As a control, each toxin alone or in combination or the antibodies in combination were treated the same way and then injected into the mice. Mice were observed for morbidity and mortality for 2 weeks and weighed on day 1 and at death or at the study endpoint, day 14.
Pharmacokinetic analysis of c␣Stx1 or c␣Stx2 in mice. (i) c␣Stx1 alone. Adult male or female CD-1 mice weighing approximately 20 g were observed for 5 to 7 days prior to the start of the experiment. At the start of the study, each mouse was weighed and the mice were placed into groups of 5 mice. The mice were intravenously injected with 1 mg/kg c␣Stx1. Two blood samples were collected at different times from groups of 5 male or 5 female mice each. The timings of blood collection for the groups were as follows: for group 1, 5 min and 24 h; for group 2, 15 min and 48 h; for group 3, 30 min and 72 h; for group 4, 1 and 96 h; for group 5, 2 and 120 h; for group 6, 4 h and 1 week; and for group 8, 8 h and 2 weeks. The first sample for each pair of sampling times was taken from the tail vein, and the second sample was collected at terminal exsanguination. Serum was prepared from each blood sample and the c␣Stx1 concentration determined by enzyme-linked immunosorbent assay (ELISA) as described below. Noncompartmental methods were used to calculate the pharmacokinetic parameters. The parameters were determined for the male and female mice separately using the mean concentrations at each sampling time. Serum concentrations reported to be below the limit of detection (605 ng/ml) were assumed to be zero for the calculations. For most of the sampling times, the interanimal variation in concentration was relatively modest; however, there were some sampling times with values that appeared to be outlier values. The suspect values were tested by calculating the difference between the suspect value and the mean of the other four values. If this difference was greater than 3 times the standard deviation of the other four values, the suspect value was considered to be an outlier and excluded from the calculations. For the male mice, one value at 2 h was determined to be an outlier value. At the sampling times of 2, 4, 72, 120, and 168 h, one value at each time was determined to be an outlier value for the female mice. For male mice, the maximum concentration of drug in serum (C max ) was determined as the time to maximum concentration of drug in serum (T max ) at the time of the injection, since all concentrations for samples taken after the 5-min intervals were less than the values at 5 min.
(ii) c␣Stx2 in infected and uninfected mice. For the two-pronged pharmacokinetic study of c␣Stx2, two groups of 40 CD-1 mice were injected with 15 mg/kg c␣Stx2. The mice in one of the groups of 40 mice were infected with B2F1 as described above just prior to injection with c␣Stx2. Blood was collected from one set of 5 mice from each group (infected or uninfected) at 1, 24, 48, or 72 h or at 1, 2, 3, or 4 weeks postinjection with c␣Stx2. Blood was collected as a terminal bleed rather than from the same animals over time to avoid the possibility that multiple bleeds would enhance any disease processes in the infected mice. The blood was processed to serum, and the levels of c␣Stx2 were determined by ELISA. The serum concentrations of c␣Stx2 were averaged at each time point to create a pharmacokinetic curve for infected animals and a separate pharmacokinetic curve for noninfected animals. Noncompartmental pharmacokinetic analysis was performed on these curves using WinNonlin version 1.1. (The reason for the larger dose of c␣Stx2 in this pharmacokinetic study than in the pharmacokinetic study for c␣Stx1 is that, before the above-described changes in the protection protocol for c␣Stx2, a higher dose of c␣Stx2 was used in the protection studies and the pharmacokinetic study was performed with the same large dose of c␣Stx2.)
ELISA to measure the level of c␣Stx1 or c␣Stx2 in mouse serum. (i) ELISA to detect c␣Stx1 in mouse serum. Microtiter plates were coated with 1 g/ml purified Stx1a. The wells were blocked with 0.01 M Trisphosphate-buffered saline (TPBS) with 1% gelatin, washed, and overlaid with the serum samples. Serum samples were tested in triplicate. A sample of c␣Stx1 was used as a positive control. After 1 h of incubation, the wells were washed and then peroxidase-conjugated goat anti-human IgG (BioRad, Hercules, CA)-TPBS-1% gelatin was added at a 1:1,000 dilution. After 30 min, the wells were washed and 2,2=-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) was added. After 25 min, stop solution (1% sodium dodecyl sulfate [SDS]) was added and the plates were read at an optical density of 405 nm (OD 405 ).
(ii) ELISA to detect c␣Stx2 in mouse serum. The ELISA to detect c␣Stx2 in mouse serum was done essentially as described for c␣Stx1 except that the microtiter wells were coated with 2 g/ml purified Stx2a and c␣Stx2 was used as the positive control.
Statistical analyses. Survival curves and proportions were compared using the log-rank (Mantel-Cox) test and Fisher's exact test, respectively, through the application of GraphPad Prism version 6.03 software.
RESULTS

Protective efficacy of c␣Stx1 in mice.
We do not have a murine model in which infection with an Stx1a-producing STEC strain causes morbidity or mortality. Therefore, we evaluated the protective efficacy of c␣Stx1 in female and male CD-1 mice injected with two LD 50 s of Stx1a (Table 1) . We found that c␣Stx1 given either 1 h before or after toxin injection protected mice, although higher doses of antibody were required to protect when the doses were given subsequent to toxin administration. Specifically, as little as 0.05 mg c␣Stx1/kg of body weight given 1 h before Stx1a administration protected the female mice from death, whereas 0.5 mg of the antibody/kg was needed to protect male mice in the same time frame. When we administered the antibody 1 h after toxin injection, 0.2 mg or 0.75 mg of the antibody/kg was required to protect the female or male mice, respectively. Although there appeared to be a heightened protective efficacy of c␣Stx1 in the female mice, a much larger study would be required to determine if there was a statistically significant difference between the dose necessary to protect male mice and that required to protect female mice.
The pharmacokinetic parameters of c␣Stx1 in mice. To determine the serum half-life (t 1/2 ) of c␣Stx1 in mice, a pharmacokinetic study was done in male and female CD-1 mice. The elimination half-life values were 52 h and 50 h for male and female mice, respectively ( Table 2) . The values for clearance were 1.9 and 1.75 ml/(h · kg) for male and female mice, respectively, findings that indicate that most of the c␣Stx1 was retained within the blood volume but that there was some distribution to tissues.
The protective efficacy of c␣Stx2 in Stx2a-injected or B2F1-infected mice. (i) Protection by c␣Stx2 in Stx2a-injected mice. We evaluated the capacity of c␣Stx2 to protect male and female mice that were injected with Stx2a ( Fig. 1A and B, respectively) . We found that compared to the buffer-treated animals, c␣Stx2 was protective in the male mice at all doses tested. For the female mice, a dose of 3 mg/kg c␣Stx2 was necessary for efficacy above that of the control. However, as was the case with c␣Stx1, a much larger study would be required to determine if there is a difference between the dose efficacy for the antibodies in male mice and the dose efficacy in female mice.
(ii) The protective efficacy of c␣Stx2 in B2F1-infected mice. We tested the protective efficacy of c␣Stx2 in Str-treated mice infected with STEC strain B2F1. We gave mice infected with an otherwise lethal dose (10 6 CFU) of STEC strain B2F1 (Stx2d producer) various doses of c␣Stx2 at 24, 48, or 72 h postinfection (Fig.  2) . We found that 0.1 mg/kg of c␣Stx2 protected the mice when the dose was administered 24 or 48 h postinfection, whereas doses of 0.01 mg/kg or below were not protective. At the 72-h time point, we found that some mice given saline solution alone survived. This finding that may indicate a positive effect of fluid at that time point in some animals. However, we did not observe this slight protective effect of saline solution at the 24-h or 48-h time point. At 72-h postinfection, protection was observed at 0.1 and 1 mg/kg c␣Stx2 compared to the 0.001 mg/kg antibody dose.
We next asked if c␣Stx2 administered intramuscularly could protect Str-treated, B2F1-infected mice. We found that intramuscularly delivered c␣Stx2 given either 24 h before or 24 h after infection protected infected mice (Fig. 3) . There was no dosespecific difference in the protective responses except that, with c␣Stx2 given 24-h postinfection, the 0.01 mg/kg dose was not protective.
The pharmacokinetic parameters of c␣Stx2 in mice. We conducted a pharmacokinetic study to determine the serum half-life of c␣Stx2 in CD-1 mice infected or not infected with B2F1. After a 15-mg/kg intravenous dose of c␣Stx2 antibody, mean serum concentrations of the antibody and the resultant pharmacokinetic parameters were found to be similar in healthy and B2F1-infected mice (Table 3) . Clearance was relatively slow and, consequently, the half-life was long, as would be expected for a monoclonal antibody. Although the calculated C max appeared to be slightly lower in noninfected mice than in B2F1-infected mice, the difference is most likely not significant because of variability between mice in the same dose group. Also, the serum half-life (t 1/2 ) and the volume of distribution based on the terminal elimination phase (V Z ) appeared to be greater in the noninfected mice than in the B2F1-infected mice, but these small differences are also likely to have been due to interanimal variability within each group. mice were infected with B2F1 and then given no treatment, 0.9% saline solution, or c␣Stx2 administered intravenously at the listed doses (mg/kg) 24 (A), 48 (B), or 72 (C) h later. The median time to death for untreated mice (n ϭ 30) was 6 days. n ϭ 8 for the mice in the 0.9% saline solution and 0.001 and 0.01 mg/kg c␣Stx2 groups, 18 for the mice in the 0.1 mg/kg c␣Stx2 groups, and 10 for the mice in the 0.5 and 1.0 mg/kg c␣Stx2 groups. The statistics that follow represent comparisons at the same time point. Theˆsymbol indicates P Յ 0.005 compared to the 0.9% saline solution or 0.001 mg/kg c␣Stx2. The # symbol indicates P Յ 0.01 compared to 0.01 mg/kg c␣Stx2. The ϩ symbol indicates P ϭ 0.015 compared to 0.9% saline solution. The ϭ symbol indicates P ϭ 0.048 compared to 0.001 mg/kg. The p symbol indicates P ϭ 0.01 compared to 0.001 mg/kg c␣Stx2.
Because serum was collected from each animal at only one time point, the data do not allow a statistical assessment of these possible differences. The results suggest that the pharmacokinetic behavior of c␣Stx2 antibody is not altered appreciably by infection with STEC strain B2F1.
Protection of mice by c␣Stx1 and c␣Stx2 from challenge with Stx1a and Stx2a. To determine whether mice can be protected from both Stx1a and Stx2a by the combination of c␣Stx1 and c␣Stx2, we injected CD-1 mice with approximately 2 LD 50 s of both toxins and gave them one or both antibodies 1 h before toxin injection. We found that both c␣Stx1 and c␣Stx2 were required to protect mice from injection with both Stx1a and Stx2a, with 70% survival of the mice when the antibodies were given 1 h before intoxication (Table 4) . No heterologous protection was observed. This observation was additionally substantiated in a model in which the toxin(s) and antibody(ies) were premixed and incubated for 1 h at 37°C in vitro. The mixtures of toxin(s) and antibody(ies) were then injected into mice intraperitoneally. Mice were protected from the combination of Stx1a and Stx2a only when both c␣Stx1 and c␣Stx2 were present to neutralize the toxins prior to administration to the mice (Table 5 ). Mice were weighed at the start of the study and upon death or at the study endpoint. We found that the mice that died had lost an average of about 4 g whereas the surviving mice had gained about 6 g.
DISCUSSION
The chimeric anti-Stx1 and anti-Stx2 antibodies showed protective efficacy in mice. Of particular note, both antibodies protected mice even after toxin exposure: c␣Stx1 efficacy was noted 1 h post-Stx1 toxin injection, and efficacy was seen with c␣Stx2 administered up to 72 h postinfection with B2F1. We found protective doses for c␣Stx2 given intramuscularly to be similar in efficacy to doses administered intravenously 24 h postinfection. When c␣Stx1 and c␣Stx2 were used in combination, the antibodies neutralized the effect of the two toxins coadministered in the mouse model.
Other groups have developed humanized anti-Stx antibodies. For example, Mukherjee et al. produced humanized anti-Stx1 B subunit monoclonal antibodies that protected mice at a dose of 2.5 mg/kg given 18 h prior to an otherwise lethal dose of Stx1 but did not report on lower doses of antibody or administration postintoxication (42) . Our observation of protection by c␣Stx1 even at 1 h post-toxin injection is also in contrast to the lack of FIG 3 Protective efficacy of c␣Stx2 given intramuscularly to B2F1-infected mice. Str-treated, B2F1-infected mice were given c␣Stx2 intramuscularly either 24 h before (A) or 24 h after (B) infection. The same control animals were used for the experiments whose results are shown in panels A and B; n ϭ 15 for the control group and the 0.1 mg/kg group administered c␣Stx2 before infection; n ϭ 10 for the 0.5 and 1.0 mg/kg doses given before or after infection; n ϭ 5 for the 0.01 mg/kg dose given before or after infection. The antibody provided protection better than that seen with the control (no injection) for all doses except 0.001 mg/kg c␣Stx2 given after infection. P Ͻ 0.001 for the 0.1, 0.5, and 1.0 mg/kg doses given either before or after infection; P ϭ 0.022 for the 0.1 mg/kg dose given before infection. protection seen at 60 min post-toxin injection with polyclonal anti-Stx1 egg yolk antibody (43) . Two other humanized Stx2 antibodies developed for use as therapeutics, TMA-15 and 5C12, are also protective in the B2F1 infection model (44) (45) (46) . However, the dose of TMA-15 or 5C12 required to protect 80% or more of the animals 24 h post-B2F1 infection was 0.5 or 2.1 mg/kg, respectively (45, 46), whereas we observed similar levels of protection at 0.1 mg/kg, a finding that suggests that the potency of c␣Stx2 was Ն5-fold greater than that of TMA-15 and 5C12 in mice.
The chimeric antibodies described in this study showed good stability in vivo, with clearance rates that are typical for human/ mouse hybrid molecules in mice. Furthermore, both c␣Stx1 and c␣Stx2, given either alone or in combination at doses up to 3 mg/kg of each antibody or 10 mg/kg for c␣Stx2 alone, were found to be safe in phase 1 clinical trials (34, 35) . The potential doses of 3 and 10 mg/kg for c␣Stx1 and c␣Stx2, respectively, are well below those used for palivizumab (Synagis), a monoclonal antibody approved for use at multiple doses of 15 mg/kg in infants at risk for respiratory syncytial virus (47) . TMA-15 (renamed urtoxazumab), which targets only Stx2, has also completed a phase 1 safety trial (48) . The results of this study suggest that the two antibodies are able to neutralize their respective targets when both Stx1 and Stx2 are present.
We found relatively high V Z values for both c␣Stx1 and c␣Stx2 in mice, with the V Z higher for c␣Stx2 than for c␣Stx1. The high V Z numbers suggest that the antibodies distribute primarily to the tissues in mice. The (3-fold) higher V Z for c␣Stx2 than for c␣Stx1 may have been due, at least in part, to the higher dose of c␣Stx2 than c␣Stx1 used in the pK studies (15 mg/kg compared to 1 mg/kg).
Other approaches to the STEC problem include the attempt to eliminate STEC strains from the food supply or source animal. However, STEC organisms are hardy and estimates of the infectious dose suggest that fewer than 100 organisms are required for infection (49, 50) . Two vaccines developed to remove E. coli O157 from the cattle reservoir show only partial reduction in colonization and shedding by E. coli O157 (see the reviews in references 51 and 52). In addition, other reservoirs for STEC exist, including deer, pigs, birds, rabbits, and possibly cats or dogs, so the problem of exposure to STEC in humans will not be eliminated even if E. coli O157 is eradicated in cattle. Finally, since non-O157 serogroups account for up to half of all STEC infections, elimination of E. coli O157 alone from the food supply would not be sufficient to prevent hemorrhagic colitis and the HUS in people.
